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Abstract
Background: Interest in laparoscopic liver resection (LLR) has grown since the International ‘Louisville
Statement’ regarding laparoscopic liver surgery was published in 2009. However, limited population-
based data on LLR utilization patterns and outcomes are available.
Methods: LLR data from the Nationwide Inpatient Sample (NIS, 2000–2012) and the National Surgical
Quality Improvement Project (NSQIP, 2005–2012) were compared before and after the Louisville State-
ment in 2009.
Results: In total, 1131 and 642 LLR were identified from NIS and NSQIP, respectively. Three-quarters
of patients underwent LLR for a malignant indication (NIS primary malignancy, 29.6% versus metasta-
sis, 45.1%; NSQIP primary malignancy, 35.5% versus metastasis, 46.1%). The annual volume of LLR
increased from 2000–2008 versus 2009–2012 (NIS: 63 versus 168, P < 0.001; NSQIP: 52 versus 127;
both P = 0.001). The peri-operative mortality associated with LLR was 2.8% in NIS and 2.2% in
NSQIP. The morbidity was 38.1% in NIS and 30.7% in NSQIP. Mortality and morbidity did not change
over time (both P > 0.050). After 2009, LLR was associated with a shorter length of stay (LOS) (NIS: 5
versus 6 days, P = 0.007).
Conclusion: Since the Louisville Statement in 2009, utilization of LLR has increased. LLR is associ-
ated with a modest decrease in LOS and appears to be safe with mortality and morbidity similar to
open surgery.
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Introduction
The first laparoscopic liver resection (LLR) was reported by
Gagner et al. in 1993.1
Despite subsequent publications demonstrating feasibility2
and efficacy3, the adaptation of LLR has been relatively slow.
Interest in LLR increased significantly after 2009, when the
International Louisville Statement regarding laparoscopic liver
surgery was published.4 This first international consensus
conference summarized the world position on LLR indications
and recommended the laparoscopic approach to a left
lateral sectionectomy as standard practice. However, limited
population-based data on LLR utilization patterns and
outcomes are available since 2009.
The term laparoscopic liver surgery in the Louisville State-
ment was used to describe a pure laparoscopy, hand-assisted
laparoscopy and a hybrid approach whereby the liver resection
is performed through a mini-laparotomy but the mobilization
and portal dissection is performed laparoscopically.4 According
to the Louisville Statement, the acceptable indications for LLR
are patients with solitary lesions, 5 cm or less, located in liver
segments 2–6.4 Since 2009, LLR has been applied to all types
of liver resections. Major LLR (e.g. right or left hepatectomies)
have been reported in several case series.5–7 In some surgeons’
hands, LLR has even expanded to a staged liver resection asso-
ciating liver partition and portal vein ligation for staged hepa-
tectomy (ALPPS).8,9 Although a prospective randomized
This study was presented as a poster at the Annual Meeting of the
AHPBA, 11-15 March 2015, Miami, Florida.
HPB 2015, 17, 919–926 ª 2015 International Hepato-Pancreato-Biliary Association
DOI:10.1111/hpb.12469 HPB
clinical trial of LLR versus an open liver resection has not been
performed, a meta-analysis demonstrated that LLR is safe for
patients with hepatocellular carcinoma (HCC) and chronic
liver disease and may be associated with a reduction in post-
operative ascites and liver failure.10
In order to better understand the adoption of LLR, it is
important to evaluate nationally representative data. Therefore,
the objective of the present study was to gain insight into the
application of LLR and to define the overall utilization and
temporal trends in the use of the LLR using data from the
National Inpatient Sampling (NIS) and National Surgical Qual-
ity Improvement Project (NSQIP) databases. The aim was to
examine and compare both indications and surgical outcomes
of LLR before and after the publication of the International
Louisville Statement.
Patients and methods
Data sources
The NIS database was created and operated by the Agency for
Healthcare Research and Quality (AHRQ) and is the largest
publicly available all-payer inpatient care database in the
United States.11 The database contains discharge data
representing an approximate 20% sample of the United States
hospitals. NIS database provides more than 100 data variables
from each hospital stay including primary and secondary diag-
noses and procedures, admission and discharge types, patient
demographic characteristics, insurance type, length of stay
(LOS) and hospital characteristics. Retrospective analysis of the
NIS database was performed for a 13-year period from 2000 to
2012. Patients younger than 18 years were excluded from the
study. The following International Classification of Diseases
Ninth Revision (ICD-9) codes were used to identify patients
undergoing a liver resection: partial hepatectomy (50.22) and
hepatic lobectomy (50.3). Concurrent application of procedure
codes 54.21 and 17.4, 17.41, 17.42, 17.43, 17.49 identified lapa-
roscopic and laparoscopic-assisted robotic approaches, respec-
tively.
The NSQIP was developed in 2004 and represented the first
nationally validated outcome-based and risk-adjusted pro-
gramme for the enhancement of surgical quality. Patients
from the NSQIP database were defined by the sampling
scheme for general surgery patients (the first 40 consecutive
patients performed in an 8-day cycle).12 NSQIP provides
patient demographics, pre-operative risk factors and laboratory
values, operative information, as well as peri- and post-opera-
tive outcomes within 30-days of operation. Retrospective
analysis of the NSQIP database was performed for a 8-year
period from 2005 to 2012 using current procedural terminol-
ogy (CPT) codes as follows: partial lobectomy (47 120); triseg-
mentectomy (47 122); total left lobectomy (47 125); and total
right lobectomy (47 130). Utilization of laparoscopy was
defined using a specific CPT code (49 320). In both databases,
indications for surgery were grouped into five categories based
on the diagnostic codes: primary hepatic or biliary malig-
nancy, secondary liver metastasis, benign neoplasm of liver,
benign hepatobiliary disease, and other diagnosis. In the lapa-
roscopic resection group, owing to the small number of
patients (less than 10), the traumatic laceration and liver
donation have been added to the group named ‘other diagno-
sis’. Complication categories were created by combining indi-
vidual ICD-9 diagnostic codes into six main groups: post-
operative infection (pneumonia, urinary tract infection,
abscess and sepsis), wound complications (surgical site infec-
tion, wound disruption or dehiscence), end-organ dysfunc-
tions (cardiac, respiratory and renal system complications),
thromboembolic complications (venous embolism and deep
venous thrombosis, pulmonary embolism and infarction),
return to the operation room and a packed red blood cells
transfusion. Additionally, the rate of accidental injuries at the
time of surgery, defined by the diagnostic code 998.2 (acci-
dental puncture or laceration during a procedure) in the NIS
database, was included in the analysis of overall peri-operative
complications. While the length of hospitalization and in-hos-
pital mortality were directly extracted from the NIS database,
in the NSQIP database, in-hospital mortality was defined
when the time from operation to death was shorter or equal
to LOS.
The analysis of a nationwide database is not subject to insti-
tutional review board approval and does not involve patient
participation, thereby negating the need for informed consent.
Statistical analysis
Continuous variables were reported as a median with inter-
quartile range (IQR). Categorical variables were described as
frequencies with a percentage. The time threshold used in both
databases (before and after 2009) was based on the Louisville
Statement. Standard demographics and clinicopathological
variables including age, gender, race, the number of comorbid-
ities, hospital location/teaching status, elective admission and
indication for surgery were analysed in the study. Univariate
analysis of categorical variables was performed with the chi-
square test. Continuous variables were analysed with Wil-
coxon’s rank-sum test as data distribution for non-parametric
data. Multivariate logistic regression analyses were conducted
to assess complications in the NSQIP database, controlling for
age, gender, race, number of comorbidities, types of surgery,
and indication for surgery before and after the Louisville State-
ment. All analysis were performed with Stata software version
12 (StataCorp, College Station, TX, USA), with statistical
significance set at P < 0.05.
Results
Demographics and indications
In total, 32 215 patients from NIS and 13 227 from NSQIP,
who underwent a liver resection, were identified. Clinicopath-
ological features by database and surgical technique are shown
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in Table 1. In the NIS dataset, the proportion of patients
undergoing a partial hepatectomy was roughly comparable in
the open (63.7%) versus MIS (74.1%) approach. Similarly,
among patients in the NSQIP dataset, the proportion of
patients undergoing a partial hepatectomy was also the same
for the open (60.4%) versus the MIS (62.0%) approach. The
number of both open and laparoscopic major liver resections
increased over time, with a greater increase in the prevalence
of LLR (Fig. 1). Since the Louisville Statement in 2009, in
NIS the proportion of LLR increased from 4.8% to 6.1% (P
< 0.001). The mean annual volume of laparoscopic liver
resection stratified by each database and extent liver resection
are shown in Table 2. While an increase in the LLR volume
was noted over time, no temporal trends identified in age,
gender, comorbidities, type of resection, and indications for
LLR before and after 2009 in both NIS and NSQIP databases
(Table 2). In the NIS dataset, a unique identifier was available
for each hospital up until 2011; 941 patients underwent LLR
in 272 hospitals from 2000–2011. The median hospital vol-
ume was 3.5 (IQR 1.3–10.5) for LLR between 2000 and 2011.
Outcome
In the NIS dataset, overall complications and in-hospital moral-
ity for LLR patients were lower compared with open surgery
(LLR, n = 431, 38.1% and n = 32, 2.8%, respectively, versus
open, n = 13 872, 44.6% and n = 1648, 5.3%, respectively;
both P < 0.001). In the NSQIP dataset, overall complications
and in-hospital morality for LLR patients were similar to open
Table 1 Clinicopathological features of patients undergoing a liver resection stratified by databases
NIS NSQIP
Open
(n = 31 084)
LLR
(n = 1131)
P-value Open
(n = 12 585)
LLR
(n = 642)
P-value
Age, years (median) 57 (47–68) 61 (50–71) <0.001 Age, years (median) 60 (50–68) 62 (53–70) <0.001
Race, n (%) Race, n (%)
White 18 375 (72.0) 692 (75.7) 0.051 White 8956 (74.8) 472 (76.0) 0.651
Black 2458 (9.6) 68 (7.4) Black 1089 (9.1) 58 (9.3)
Hispanic 2376 (9.3) 66 (7.2) Hispanic 1126 (9.4) 57 (9.2)
Other 2315 (9.1) 88 (9.7) Other 810 (6.7) 34 (5.5)
Male gender, n (%) 15 013 (48.4) 549 (48.5) 0.923 Male gender, n (%) 6096 (48.5) 320 (49.9) 0.473
Comorbidities ≥3 640 (2.1) 31 (2.7) 0.122 Comorbidities ≥3 934 (7.4) 54 (8.4) 0.352
Type of resection, n (%) Type of resection, n (%)
Partial hepatectomy 19 804 (63.7) 838 (74.1) <0.001 Partial hepatectomy 7602 (60.4) 398 (62.0) 0.875
Lobectomy 11 280 (36.3) 293 (25.9) Trisegmentectomy 12 266 (9.7) 61 (9.5)
Total left lobectomy 1344 (10.7) 64 (10.0)
Total right lobectomy 2413 (19.2) 119 (18.5)
Urban/teaching Hospital 21 904 (83.1) 808 (88.7) <0.001 – –
Time Period Time Period
2000–2009 21 715 (69.9) 627 (55.4) <0.001 2005–2009 5445 (43.3) 261 (40.6) 0.196
2010–2012 9369 (30.1) 504 (44.6) 2010–2012 7140 (56.7) 381 (59.4)
Elective procedure 22 088 (79.2) 940 (88.2) <0.001 Elective procedure 12 451 (98.9) 639 (99.5) 0.153
Length of Hospital stay,
day, (median)
7 (5–10) 6 (4–8) <0.001 Length of Hospital stay,
day (median)
6 (4–8) 6 (4–8) 0.076
Indication Indication
Primary hepatic or
biliary malignancy
5819 (18.7) 335 (29.6) <0.001 Primary hepatic or
biliary malignancy
3330 (26.5) 228 (35.5) <0.001
Secondary liver metastasis 15 451 (49.7) 510 (45.1) 0.002 Secondary liver
metastasis
6441 (51.2) 296 (46.1) 0.012
Benign neoplasm
of liver
2239 (7.2) 83 (7.3) 0.865 Benign neoplasm
of liver
1230 (9.8) 57 (8.9) 0.453
Benign hepatobiliary
disease
2875 (9.3) 119 (10.5) 0.144 Benign hepatobiliary
disease
994 (7.9) 44 (6.9) 0.341
Other 4700 (15.1) 84 (7.5) 0.022 Other 589 (4.6) 17 (2.6) 0.024
NIS, National Inpatient Sample database; NSQIP, National Surgical Quality Improvement Project; LLR, laparoscopic liver resection.
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surgery (LLR, n = 197, 30.7% and n = 14, 2.2%, respectively,
versus open, n = 4030, 32.0% and n = 276, 2.2%, respectively;
both P > 0.050). Outcomes by time period for both databases
among patients undergoing LLR are shown in Table 3.
The impact of different clinicopathological factors on mor-
bidity is shown in Table 4. In the NSQIP data, a laparoscopic
total right hepatectomy and partial lobectomy were associated
with a higher risk of complications after 2009 (P < 0.001,
Fig. 2); in contrast, there was no increased temporal trend in
complications after a major LLR noted in the NIS dataset.
Discussion
Interest in LLR has grown since the publication of the Interna-
tional Louisville Statement on laparoscopic liver surgery in
2009. Examining two national databases LLR utilization pat-
terns and comparing the post-operative surgical outcomes of
open and laparoscopic liver surgery were studied. The present
study is important because the overall utilization and growth
trend of LLR since the Louisville Statement in 2009 using two
nationally representative databases was defined. Importantly,
how the annual volume of LLR has progressively increased
since 2009 was documented. Furthermore, the Louisville State-
ment on laparoscopic liver surgery did not seem to impact
indications for LLR, as liver malignancy remained the most
common diagnosis for patients undergoing LLR over time in
both NIS and NSQIP databases. With regard to post-operative
outcomes, LLR was associated with a modest decrease in LOS
and appeared to be safe with mortality and morbidity similar
to open surgery.
Laparoscopic liver operations can vary in complexity and
difficulty. Although a new difficulty scoring system for LLR
has recently been published,13 these data have not been vali-
dated or made available in national databases. For the present
study, liver biopsies and small wedge resections were excluded,
including only more anatomically based liver resections such
as left lateral sectionectomy, as well as major hemi-hepatecto-
mies. As such, the LLR case volume was relatively smaller in
the present study compared with other published studies using
nationally representative data.14 Several single-institution series
have published their experience with laparoscopic versus open
liver resection.15–17 For example, Han et al.15 reported on a
single institutional experience of 88 patients with HCC. In this
study, the authors performed a 1 : 1 matched propensity
analysis of LLR: open resection and reported comparative
peri-operative and long-term outcomes between the two
groups. In a separate study, Beppu and colleagues reported on
the outcomes of laparoscopic versus open liver resection for
colorectal liver metastases among a large group of patients
treated at several Japanese liver centres.18 Using a 1 : 2
matched propensity analysis of LLR: open, LLR was associated
with a lower blood loss and shorter hospital stay. The present
study expands on this work by examining the outcomes of
patients undergoing LLR in a more nationally representative
and broad population dataset. Importantly, the outcome of
LLR was relatively comparable to an open hepatic resection.
Furthermore, although the overall peri-operative morbidity
and mortality associated with LLR was similar before and after
the Louisville Statement in the NIS database, the analysis of
NSQIP data showed that LLR was associated with increased
blood transfusions. The reason for this finding may be a con-
sequence of a higher number of major LLR performed in the
NSQIP database since 2009. Also to peri-operative morbidity,
LLR was associated with an LOS that was 1 day shorter than
an open hepatic resection.
Although more major LLR have been performed since 2009,
the indications for surgery should remain the same whether a
minimally invasive versus open hepatic surgery is planned. Of
note, compared with patients undergoing open surgery,
patients who underwent LLR more commonly had a primary
hepatic or biliary malignancy rather than a secondary liver
metastasis. This difference could be related to the growing inci-
dence of solitary primary hepatic or biliary malignancy over
time.19 Conversely, secondary liver metastases tend to present
as multiple liver lesions, and may be less amenable to a laparo-
scopic approach.20 It was also interesting to note that since
2009, while not statistically significant, there was a trend
towards more patients with benign lesions to undergo LLR
(Table 2). Selecting patients with an appropriate indication for
LLR is critical and was a point of emphasis in the 2nd
(A)
(B)
Figure 1 Total liver resection cases, actual number of
laparoscopic liver resection (LLR) and per cent of LLR over time
(a) National Inpatient Sample (NIS) database (b) National Surgical
Quality Improvement Project (NSQIP) database
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international consensus conference on laparoscopic liver resec-
tion, which was held in 2014.21–24 Specifically, the technical
approach (LLR over open) should not change commonly
accepted indications for hepatic surgery. This group has previ-
ously demonstrated, however, that the overall volume of surgi-
cal management of benign liver tumours has increased
substantially over the past decade.25 In fact, there has been a
relative shift away from open procedures towards MIS proce-
dures for benign lesions suggesting that surgeons may have a
lower threshold to operate on benign lesions given advances in
minimally invasive technology.
Several limitations need to be considered when interpreting
data from NIS and NSQIP. While coding bias is always a
possibility when using large databases, any bias was likely
random with regard to LLR versus an open hepatic resection
group. As with all retrospective studies, the relative utilization
of the LLR versus the open approach was undoubtedly
affected by differential selection of patients who were deemed
to be better suited for a certain approach. The increasing uti-
lization of LLR since the Louisville statement may also have
been affected by the surgeons’ improving laparoscopic skills
after the learning curve. However, individual provider level
data were not available so changes to the ‘learning curve’
could not be investigated. Also, while we controlled for sev-
eral confounding factors in the multivariate analysis, inherent
selection bias, patient preference and anatomic differences,
which were not captured in these databases, could not be
taken into account.
Table 2 Clinicopathological feature of patients undergoing a laparoscopic liver resection before and after the Louisville statement (2009)
stratified by database
NIS NSQIP
2000–2009
(n = 627)
2010–2012
(n = 504)
P-value 2005–2009
(n = 261)
2010–2012
(n = 381)
P-value
Age, years (median) 60 (50–71) 61 (51–71) 0.462 Age, years (median) 61 (53–70) 62 (52–71) 0.721
Race, n (%) Race, n (%)
White 330 (74.5) 362 (76.9) 0.673 White 208 (82.5) 264 (71.5) 0.002
Black 32 (7.2) 36 (7.6) Black 23 (9.1) 35 (9.5)
Hispanic 33 (7.5) 33 (7.0) Hispanic 11 (4.4) 46 (12.5)
Other 48 (10.9) 40 (8.5) Other 10 (4.0) 24 (6.5)
Male gender, n (%) 320 (51.0) 229 (45.4) 0.063 Male gender, n (%) 131 (50.2) 189 (49.7) 0.913
Comorbidities ≥3 18 (2.9) 13 (2.6) 0.334 Comorbidities ≥3 28 (10.7) 26 (6.8) 0.083
Type of resection, n (%) Type of resection, n (%)
Partial hepatectomy 454 (72.4) 384 (76.2) 0.151 Partial hepatectomy 164 (62.8) 234 (61.4) 0.534
Lobectomy 173 (27.6) 120 (23.8) Trisegmentectomy 20 (7.7) 41 (10.8)
– – – Total left lobectomy 29 (11.1) 35 (9.2)
– – – Total right lobectomy 48 (18.4) 71 (18.6)
Urban/teaching Hospital 523 (86.9) 285 (92.2) 0.043 – – –
Elective procedure 482 (85.8) 458 (90.9) 0.010 Elective procedure 260 (99.6) 379 (99.5) 0.801
Indication Indication
Primary hepatic or
biliary malignancy
181 (28.9) 154 (30.6) 0.543 Primary hepatic or
biliary malignancy
84 (32.2) 144 (37.8) 0.139
Secondary liver metastasis 286 (45.6) 224 (44.4) 0.691 Secondary liver metastasis 134 (51.3) 162 (42.5) 0.028
Benign neoplasm of liver 42 (6.7) 41 (8.2) 0.358 Benign neoplasm of liver 18 (6.9) 39 (10.2) 0.138
Benign hepatobiliary disease 74 (11.8) 45 (8.9) 0.121 Benign hepatobiliary disease 17 (6.5) 27 (7.1) 0.778
Other 44 (7.0) 40 (7.9) 0.562 Other a a –
Mean of Annual volume 63 168 <0.001 Mean of Annual volume 52 127 0.001
Partial hepatectomy 45 128 <0.001 Partial hepatectomy 33 78 0.003
Lobectomy 17 40 0.006 Trisegmentectomy 4 14 0.005
Total left lobectomy 6 12 0.013
Total right lobectomy 10 24 0.009
aLess than 10 patients.
NIS, National Inpatient Sample database; NSQIP, National Surgical Quality Improvement Project.
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In conclusion, the adoption of LLR has been growing after
the Louisville Statement in 2009. The increasing utilization
of LLR reflects the continuing enthusiasm for the minimal
invasive approach of liver surgery. Data from a nationally
representative cohort demonstrate that LLR is associated with
low mortality, reasonable morbidity, and a modest decrease in
Table 4 Univariable and multivariable analysis for post-operative complication in NSQIP database
Univariate Multivariate
OR (95%CI) P-value OR (95%CI) P-value
Age
>60 Reference
<60 1.00 (.71–1.41) 0.989 –
Male gender 1.59 (1.13–2.23) 0.008 1.37 (0.94–2.00) 0.103
Race
White Reference Reference
Black 0.48 (0.23–0.98) 0.045 0.56 (0.27–1.18) 0.130
Hispanic 1.57 (0.89–2.76) 0.116 1.43 (0.77–2.67) 0.258
Other 1.27 (0.61–2.63) 0.525 0.98 (0.44–2.17) 0.953
Comorbidities ≥3 0.89 (0.46–1.60) 0.629 –
Type of resection, n (%)
Partial lobectomy Reference Reference
Trisegmentectomy 3.98 (2.28–6.93) <0.001 3.31 (1.84–5.96) <0.001
Total left lobectomy 1.89 (1.08–3.32) 0.026 1.69 (0.92–3.11) 0.091
Total right lobectomy 2.44 (1.59–3.77) <0.001 2.10 (1.32–3.36) 0.002
Time Period
2005–2009 Reference Reference
2010–2012 2.38 (1.65–3.44) <0.001 2.28 (1.53–3.38) <0.001
Indication
Secondary liver metastasis Reference Reference
Primary hepatic or biliary malignancy 1.74 (1.20–2.50) 0.003 1.50 (1.03–2.25) 0.048
Benign neoplasm of liver 0.48 (0.22–1.02) 0.058 0.45 (0.18–1.09) 0.077
Benign hepatobiliary disease 0.41 (0.17–0.99) 0.049 0.46 (0.18–1.09) 0.107
Other 1.79 (0.66–4.88) 0.250 2.29 (0.79–6.66) 0.128
NSQIP, National Surgical Quality Improvement Project; OR, odds ratio.
Table 3 Outcome of minimally invasive surgery before and after the Louisville statement (2009) stratified by databases
NIS NSQIP
2000–2009 (n = 627) 2010–2012 (n = 504) P-value 2005–2009 (n = 261) 2010–2012 (n = 381) P-value
Overall complication 249 (39.7) 182 (36.1) 0.215 53 (20.3) 144 (37.8) <0.001
Wound complication 20 (3.2) 26 (5.2) 0.101 28 (10.7) 45 (11.8) 0.672
Post-operative infectiona 36 (5.7) 27 (5.4) 0.800 26 (10.0) 46 (12.1) 0.410
Thromboembolic event 10 (1.6) b 0.117 b 10 (2.6) 0.189
Organ dysfunction 72 (11.5) 50 (9.9) 0.400 13 (5.0) 30 (7.9) 0.150
Pack cell transfusion 94 (15.0) 71 (14.1) 0.668 b 92 (24.2) <0.001
Return to operation room b b – 12 (4.6) 20 (5.3) 0.709
Length of Hospital stay,
day, median (IQR)
6 (4–9) 5 (3–8) 0.007 6 (4–8) 6 (4–8) 0.929
In hospital mortality 13 (2.1) 19 (3.8) 0.086 b 11 (2.9) 0.139
aIncluding of pneumonia, urinary tract infection and sepsis.
bLess than 10 patients.
NIS, National Inpatient Sample database; NSQIP, National Surgical Quality Improvement Project; IQR, interquartile range.
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LOS. Future comparative studies should assess relative out-
comes of patients treated with LLR versus open hepatic resec-
tion stratified by difficulty scores.13 In addition, further studies
evaluating the long-term oncological outcome of patients who
underwent LLR are needed.
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